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XVASSVRAGT (CONSM& em eMr. add It .neie m. . ~ NO 6F lie =w~e)
The technique of 8o]i1 state standard adition is insdoqgmte for the IG -tem.nan
of low dopant concentrations present in real seioductor soles. An eitmsaLe
of the solid state standard addition method using couter cotmUlled sigma
integration is shown to lower the detection limit of boron in ILUC= by Mn
Order of mnifte. The precision and accuracy of this method wwo foti to
be 25% and 12%, respectively.
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ABSTRACT: The tehiu of solid state standard *I

addition is ndeut for the determnaio

of low doatconcentration's present in real

semiconductor samples.. An extension of the.

solid state standard addition method uasing

computer controlled signal integration is

shown to lover the detection limit of boroa

Iin silicon by ant order of magnitude.. The

precision and accuracy of this method were

found to be 251 and 121, respectively.

4

*Author to whom reprint requests should be addressed.



-2-

Ther. has been considerable int.rest in quantifying

secondary ion mass te -tomry (S) reslt. Techniques

utilizing theoretical and semi-theoretical models of secondary

ion emission have been proposed for this purpose, but typically

yield only "order of magnitude" results (1-3). Empixical

calibiation methods employing external or internal standards

have also been shown to give excellent results (4,5). However,

the required SIMS standards are difficult to obtain since they

must be homogeneous on the microscale and hmst closely approx-

imate the chemical composition of the material to. be analyzed.

Recently, the technique of ion implantation has been

adopted to fabricate SINS standards (6). Ion implants are well

understood, and by utilizing the known implanted dosage, accurate

conversion of secondary ion intensity to concentration can be

achieved (7). Moreover, these ion implant standards can be

tailor-made for a particular analysis reqrearent. Solid state

standard addition, the use of ion implantation to perform a

conventional standard addition analysis tO a solid sample,

has. been used to determine bulk dopant concentration in steel

and semiconductor samples with good results (0). One handicap

of this approach is that the residual concentration to be

measured must be relatively high. Most realistic dopant con-
centrations in semiconductor materials are ,too low for the

dd
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In order to impr the sensitivity of this technique,

we have investigated the toe of c qAuerised itI IW.

gration to increase the signtl-to-noise ratio. T Is h -1ue

utilizes the known Poissoli statistles of the ion caltift '

circuitry. For this case, the noise associated with a par-

ticular number of counts, h, is equal to the square tot of n.

Therefore, the signal-to-noise ratio can-be ift.*o Lb bY a

factor of 10 by increasing the number of counts by 100 times.

This has been experimentally demonstrated in the fieldf

vidicon spectrometry (9). A computerized integration mto

was adopted by our laboratory for the analysis of geqlatin"

standards for quantitative SIMS analysis of biological tissues

and was found to give improved detection limits (10).

In this study, the method of solid state standard addition

combined with computerized signal integration is applied to

the quantitative analysis of a silicon wafer doped with a

very low concentration of boron (approxim& ely 1014 atems/nm).

Because of the existence of systematic er'ors in iou cowiaut ,

there .is deviation from the linear sigpal-to-noise ver

square root of time improvement. The xperimental iodeures

are modified accordingly to obtain an optimal simal-to-n@ise

ratio. The method is found to yield an accura y of lal and

precisions of 17-25% dependimg upon ee oaUcas. -

This boron cooentution is aimet en rodfe. of ui tu elow

the detection linit found previously by the usual solid utets

standard addition method.

j
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Ins ~ JA tm Iettin on implantation won pert ormed using an

ACCLEATRSINC. 300R ion implanter, (11) * The SIM analysis

was carried out using a CANECA IMS-3f ion microscope equipped

with an electron multiplier for signal detection (12). The

instrument is interfaced to a Bewlett Packard 9845? micro-

computer for control and data acquisition. The INS-3f, was

also interfaced with a Digital PDP-11134 minicomputer for

dataprocssig. A5.5 V 2 primary beam was rastered over

250xc250 umn' area at a current density of 1.0&cm .The

sampled area was resticted to lSOxlSO am2 and positive second-

ary ions were monitored. All analyses were performed at Ux108

tor?.

Software: The integration routine used to acquire the residual

dopant signal repeatedly scans across a given mass for an

operator-defined number of cycles, a cycle lbeing-one s06*4

The time allotted to each cycle is also under operator eantral.

The data fro each scan is added to a buffer containing the

Sumation ot all previous scans until the specified number

of scans have been completed. At this time,, the contents of

the buffer are output.

Depth profiling of the Lco isplanted region' wa prtfr"

using the standard software suppied ,bl the manAfadt**6*4 4fI%

depth profile data mwthen trtsferted to tM* PP-13ft



for processing by a4 peak tt,ja *4n FV "

level 'Of the UniMP4At*d region from t4* imPI**tA94gi 804-an4
then outputs the integrated ion intensity of the implant peak.

*Procedure: A commercially available polished boron dop'ed

sil icon (lOO>vafer was used in this experiment. The boron

concentration in the wafer was determined by tour point probe

electrical measurement to be 2.6x10 1 5 . atoms/cmA2 . The wafer

was cutf cleaned ultrasonically with trichloroethylene,

acetone, methanol, and deionized water and mounted oni anI

aluminum disc with conductive silver paint. The sample was

then implanted with lxl0' atoms/tm2 of "B at 100W. The single

crystal Si was tilted at an angle of 7 degrees to reduce

implant channelling.

After implantation, the sample Was epth profiled-to:
'IS. The depth profile was terminated and stored whn h

boron signal dropped to the constant residual level. Iho
sample was then sputtered for another 5 minute# thus removing

an- additional 200 nm of matexial to ensure complete removal

of implanted boron. At this point the integration routine

was run using an integration time of 3 scoonds/ycle. The
*depth of the sputtered orater was steasured""b a Taj Ior4oWeo

Talystep stylus type suVr ace profiler vthia' resolutio as
*5-10 nanometers to enable conversion of the implant fluft" to

concentration. T o deftemine the noise of the electron Ma, 4*1AW,

teintegration program was run with the exit slit of 0116 A W*L

s LPecrie A o0- 0eed completely and tks* Swumq 1w-000

volt&" turned @#f.



To calculate the concentration of the background boron

dooant, t14 t'Itail r"sdll Si ia acoumulatd' btdohi-

gration ridutin4 was divided by the tiz ofi4 Ei.

The Anoise sigCnal of tw~ .olectodu m11itip ~ 1* 4i PII

pe ccl) was theu subtracted from this value to give the

residual signal, arl in counts/sec.

The following equ.'&tion was used to calculate the residual

concentration:

I' X DX'A

where Cr is the residual elemental concentration to be dot-

ermuined in atoms/c.' Sr is the residual isotopic signal in

cps as defined previously, T is the time of analysis in seconds,

F is the fluence of the implant (lxlO atcms/Ots ) , is the
integrated sum of the implanted ion intensity i iii rat

(typically about -I ailiion 6otunts), D. ii tvi dpt "of- 1 crater

in ceitliniters (about 2 x lOi .tliali ndCi h

isotopic

?igure 2. a depth proile of the 3 '1 impat, honm -t"e

residAl boros fita cbaowed b Uaise he, YAt.is

sat. stadard &"It"* eshw'd 11 iU02 *to, sof 2W~
Z

oT i* -t I1ei
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density and a 5 second acquisition time per analysis point

yieldid a noise limited detection limit for boron in silicon

of approximately 2xlUa 1 tm ca s , which in

the detection limit of B in Si published in literature (7).

With the present computerized integration approach, integra-

ting each analytical point for 600 sc. onds (200 cycles), a

boron concentration of 2.3xl01 satoms/cm' was calculated with

I a standard deviation of t4x O14 atoms/cm'. This value agrees

within 12% with the electrical measurements and is an order

of magnitude below the detection limits using the conventional

technique.- This increase coincides with the expected S/IN

improvement using a 100-fold increase in counting time.

The degree of improvement in sensitivity possible with

the use of signal integration was evaluated by repeating the

experiment using increasing integration times. Figure 3

t gives the S/N ratio plotted as a function of the square root

of the integration times. As shown the S/N ratio begins to

level off beyond 300 seconds integration, instead of con-

tinuing along the straight line. The time of 600 seconde

(200 cycles) was chosen in the analysis as this time gave the

best results within a reasonable analysis time. The lm*vling

of f of the curve in Figure 3 AU1gests that the, maxim-

improvehent to be gained usinq-: this t4ohniqat is approti~b"tl

an order of magnitWa.



The signal-to-noise ratio becoumes constant with an

increasing number of cycles for-two reasons. For low-level
signals, a long integration time tends to result in
deterioration of the apparent signal, but the most significant

reason is that a systematic error derived from computer ion

counting is not accounted for. Owing to the logarithmic nature

of thb data display, any signal below 1 cps in counted as 1 cps.

However, it is not necessary to remove this systematic error

to obtain accurate results. Figure 3 shows that a constant

signal-to-noise ratio of about 1 is obtained for 200 scanned

cycles or more. -Statistically, the signal is reliable because

it is twice the background noise (systematic and random).

Further comparison with the electrical value confirms the

accuracy of this methodology. Since any signal with a lower

signal-to-noise ratio would be unreliable statistically, the

concentration measured in this experiment is concluded to

be the detection limit of boron in silicon by the present

method. Further increases in sensitivity beyond that will

have to come from improved ionization efficiency, increased

collection of secondary ions by the mass spectrometer and

* improved detectors. The technique of computerized signal

integration however has shown its ability to improve the

*sensitivity of the solid state standard addition method to

more realistic concentration levels. An analysis time of,

several minutes instead of several seconds does not seem,

unreasonably long to provide an order of magnitude highe;-

sensitivity, One caution however, is that the sample to be

analysed by this technique must be homogeneous enough in

depth to sputter through several hundred nanometers of material

while integrating a reliable signal intensity.
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FIGURE CAPTIONS

Figure 1. Schematic of the experiment.

Figure 2. Depth profile of 11B in silicon.

Figure 3. Signal to noise ratio plotted against the square
root of the integration time.
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